Background: Dietary intake plays an important role in the development and health of children and adolescents. Puberty is a particularly vulnerable period due to the increased nutrient demands associated with growth. This age range has also been associated with various changes in health behavior. While several studies have examined the influence of the social and built environment on dietary habits during adolescence, there remains limited research on the association between biological maturation and eating behaviors as well as food intake in youth.
Introduction
Dietary intake has been associated with the risk for various chronic diseases and plays an important role in the development of children and adolescents [1] . In addition to its role in the regulation of body weight [2] , there is evidence for an association of eating behavior with cognitive function, memory, academic performance and psychological well-being [3] [4] [5] . Adolescence is a particularly vulnerable period due to the increased nutritional requirements for growth and maturation, which are exceeding those of adults [1] . In addition, adolescence is characterized by behavioral changes due to an increased social and economic independence and development of identity [6, 7] .
During the last decades there have been significant changes in lifestyle patterns in adolescents, which also affect eating habits. An increasing number of advertisements, specifically targeting youth most likely contributed to alterations in eating behaviors and
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Anthropometric measurements
Trained technicians measured body weight (kg) and height (cm) during a physical education class according to standard procedures. Measurements were taken with participants in gym clothes and being barefoot. Body weight was measured to the nearest 0.1 kg with a gauged body scale (SECA® 803, Seca, Hamburg, Germany) and height was measured to the nearest 0.1 cm with a mobile stadiometer (SECA® 217, Seca, Hamburg, Germany). Body mass index (BMI) was calculated (weight in kilograms divided by the square of height in meters, kg/m²) and converted to BMI percentiles based on the German reference system [32] .
Maturity status
Maturity status was determined using estimated age at peak height velocity (APHV) as the onset of adolescent growth sport coincides with the onset of puberty [33] . A recent study further showed that anthropometric measurements (i.e. body height and weight) can be used to provide accurate estimations of APHV [34] . Specifically, maturity offset, which indicates years from peak height velocity was calculated using the following equations [34] :
Maturity Offset boys = -7.999994 + [0.0036124 × (age (years) × height (cm))]; R 2 = 0.896
Maturity Offset girls = -7.709133 + [0.0042232 × (age (years) × height (cm))]; R 2 = 0.898
Subsequently estimated APHV was calculated (APHV = chronological age -maturity offset) and participants were stratified into early, average or late maturers based on sex specific sample tertiles.
Eating habits and food intake
Dietary information was obtained via a previously used standardized food frequency questionnaire that was administered by a trained technician during regular class time [35] . Participants reported the number of days they consumed various foods and drinks during a regular week. Dietary patterns were determined via principal component analysis (PCA). PCA revealed 3 factors with an Eigenvalue > 1, which explained 55.9% of the total variance of food consumption. The 3 factors were characterized by high loadings of meat, fish, bread, pasta and sweets consumption (meat/CHO); high loadings of milk, cereal, nuts and fruits (milk/cereal); and high consumption of water and vegetables as well as low consumption fast food (FF) and softdrink (water/ dietary intake [8] . Secular trends showed an increase in the contribution of snacks to total energy intake as well as foods consumed away from home, resulting in more irregular eating patterns [9, 10] . Accordingly, adolescents have reported fewer meals taken together with the family and to skip breakfast more often [8, 11, 12] , which could have contributed to a high number of adolescents consuming too much meat and sweets while their consumption of fruit and vegetable is too low [8, 13, 14] . Family meals can be an important contributor to the establishment of healthy eating habits as they allow parents to limit access to highly processed foods and to serve as role models for healthy dietary choices [15] . Similarly, breakfast consumption has been shown to play an important role in dietary choices as regular breakfast consumption in adolescents has been associated with a higher micronutrient intake and a greater likelihood of meeting dietary guidelines [12, [16] [17] [18] . Epidemiological studies further indicate a protective effect of breakfast consumption against overweight and obesity in youth [16, [19] [20] [21] but intervention studies have failed to demonstrate a causal relationship between regular breakfast consumption and body weight [22, 23] .
Particularly during adolescence, a variety of factors, including food availability, costs, parental modelling, convenience, peer influences, body image, personal and cultural beliefs, affect dietary choices [24] . Several studies have examined the associations of the social and built environment as well as personal characteristics, such as sex or age, with dietary intake and eating behavior [25] [26] [27] . Limited research, however, considered the potential influence of biological maturation on eating behaviors and dietary intake. Biological maturation describes the progress towards the mature state, which affects several organic systems and varies in timing and tempo across individuals [28] . Puberty is a stage prone to changes in various behaviors [7] and early onset of puberty has been associated with several unhealthy lifestyle choices, including lower rates of breakfast consumption [29] . Dietary habits have also been shown to track from adolescence into adulthood [30, 31] . A better understanding of the role of biological maturation on dietary choices, therefore, could provide important information for the mapping of dietary interventions in adolescents. The present study, therefore, examines potential differences in eating behaviors and food intake between early, average and late maturing Austrian adolescents.
Methods
A convenience sample of 9 middle school classes between grades 6 and 8 in the Federal State of Tyrol, Austria were contacted for participation for this crosssectional study. All students in the selected classes, who were physically able to perform the motor competence test were eligible for participation in the study, which resulted in a sample size of 172 participants between 11 and 16 years of age. Parents received written male) between 11 and 16 years of age. Of the total sample, 20.4% were overweight/obese. There were no sex differences in overweight/obesity rates and BMI percentiles. Boys, however, were taller and heavier than girls, which may have been attributed to their older age ( Table 1) .
Eating habits did not differ between boys and girls. Daily breakfast consumption was reported by 52% of the participants and 71% of the participants reported breakfast consumption on 5 days per week. Daily lunch and dinner was reported by 85% and 70% of the participants, respectively. A majority (80%) of the participants reported having morning snacks on at least 5 days per week while only 22% reported afternoon snacks at least 5 times per week. Late night snacks on 5 or more days per week were reported by only 8% but 46% of the participants reported having a late-night snack at least once a week. Despite a lack of difference in eating habits, boys displayed higher scores on the meat/ CHO factor (p = 0.020) while their scores on the water/ low FF factor was lower (p = 0.006) compared to girls. low FF). Participants also reported the average number of days per week they consumed breakfast, lunch and dinner along with the number of days per week they consumed snacks in between meals and after dinner.
Statistical analyses
Descriptive statistics were calculated for anthropometric characteristics and dietary habits separately for boys and girls. Sex differences were determined via ANOVA for continuous variables (anthropometric measurements, diet factors) and Mann-Whitney-U tests for ordinal variables (eating habits). Differences in dietary intake by maturity status were examined separately for boys and girls using ANCOVA, adjusting for chronological age and using Bonferroni adjustment for post-hoc analyses. Differences in eating habits between maturity tertiles were examined using Kruskal-Wallis Tests, separately for boys and girls. All statistical analyses were performed using SPSS 24.0 (IBM, Armonk, NY).
Results
Valid data was provided by 165 adolescents (55.2% Table 1 : Anthropometric characteristics and estimated age at peak height velocity (est. APHV) for the total sample and separately for boys and girls. Values are Means ± SD. consumption in boys were borderline significant with higher milk/cereal consumption in average maturers compared to their early or late maturing peers (p = 0.051) (Figure 1 ). No significant differences across maturity groups were observed for the meat/CHO or water/low FF factor scores in either girls or boys.
The frequency of regular meals differed significantly Maturity status was associated with body height. Specifically, early maturing boys and girls were taller than their average or late maturing peers (p < 0.001) but there were no differences in body weight and BMI percentile across maturity tertiles. Milk/cereal consumption was higher with later maturation in girls (p for trend = 0.007). Differences in milk/cereal and, therefore had increased calcium needs for growth and accretion of bone [41] , which may have resulted in an increased biological drive to consume certain foods such as milk.
Differences in leisure time behaviors by maturity status may also contribute to differences in dietary intake and eating behaviors in girls. Late maturing girls have been shown to be more physically active and more likely to participate in sports compared to their peers [42] . The loss of interest in physical activity (PA) and sports can be at least partially be attributed to changes in physical and functional characteristics that are associated with maturation, which are generally considered hindering successful participation in sports. Specifically, early maturation has been associated with greater body weight relative to their height, which affects various motor tasks [43] as well as alterations in self-concept, and social interactions [44] . Accordingly, female athletes in several sports have been characterized by late biological maturation [45] . Regular training times after school in late maturing girls may hinder a regular eating schedule and potentially increase the likelihood for skipping lunch or dinner. Irregular eating patterns, however, have been associated with less healthy food choices [46] and given the importance of adequate nutrition for growth and development, particularly in active children, healthy eating habits should be encouraged in adolescents. Accordingly, structured meals should still be emphasized even with tight schedules. Family dinners have been associated with higher fruit and vegetable consumption as well as fiber and micronutrient intake while the consumption of softdrinks, fried foods, saturated and trans-fat was lower [47] . Unfortunately, the present study does not provide information on foods consumed during specific meals and there is no information on the amount of food consumed during individual meals. It may, therefore, still be possible that late maturing girls compensate for missed main meals by higher caloric intakes during snacks even though there were no differences in the frequency of snacks by maturity status.
Besides the lack of information on caloric intake, some additional limitations of the present study should be considered when interpreting the results. Dietary questionnaires have an inherent risk of selective overor underreporting due to social desirability and social approval. There may also be problems in remembering all foods consumed during the last week and participants may have consumed some foods that were not listed on the questionnaire, which would affect the displayed dietary intake of the sample. These problems, however, are common with dietary reports and the administration of the questionnaire by a trained technician during regular class-time should have contributed to more accurate reports. The reliance on an indirect measure of maturity status along with a small range of estimated APHV may also have contributed to the limited across maturity tertiles in girls but not in boys (Figure 2 and Figure 3) . Specifically, late maturing girls reported less frequent lunches (p = 0.007) and dinners (p = 0.024) compared to their peers. No significant differences across maturity tertiles were observed for snack frequency in either girls or boys.
Discussion
To the authors knowledge this was the first study to examine differences in dietary intake and eating behaviors (i.e. frequency of various meals during the week) by maturity status in Austrian adolescents. Several interesting insights were obtained which could provide valuable information for intervention strategies that promote healthy eating in adolescents. There were no sex differences in eating habits and a majority of the participants reported daily lunch and dinner. Nevertheless, girls displayed healthier dietary choices compared to boys, which has been reported previously. Harris, et al., for example, showed a greater protein and fat intake in adolescent boys compared to girls [27] . Further, girls have been shown to decrease their meat consumption while increasing fruit and vegetable intake with increasing age, while boys increased their softdrink consumption as they progressed through puberty [27, 36, 37] . These sex differences in dietary intake may be attributed to a greater consciousness about dietary choices in girls due to concerns about body image, which become more pronounced during adolescence [38, 39] . Accordingly, women have been shown to be more conscious about their dietary intake than men [40] . Differences in concerns about dietary intake may also explain the sex differences in the associations between eating behaviors and maturity status, which were the focus of the present study.
In boys, associations between maturational timing and dietary intake as well as eating behaviors were limited. Late maturing girls, on the other hand, reported less frequent lunches and dinners and displayed more frequent milk/cereal consumption compared to their average or early maturing peers. A study in Swedish adolescents also indicated a greater tendency for dietary modifications during puberty in females while changes in dietary intake were less common in boys [37] . The overserved decline in milk intake with increasing age in the Swedish cohort is also consistent with the less frequent milk/cereal consumption of early adolescent girls in the present study. As food choice is a complex behavior, biological as well as social and cultural factors may contribute to these differences by maturity status [7, 40] . From a social perspective, early maturing girls may select foods that they consider more adult-like and cereals could be considered a typical food for children. In addition, increased concerns about body weight may contribute to declines in milk consumption [37] . Further, biological needs differ by maturity status. In the present study, late maturing girls were closer to APHV significant findings. Body weight and height, however, were measured by trained technicians and somatic measurements have been shown to provide accurate estimates of maturation, particularly in age groups that are close to APHV [34] , which was the case in the present study.
In conclusion, the results of the present study indicate that maturity status affects eating behavior and food choices, particularly in girls. As adolescents are prepared to change their dietary habits in different directions during puberty, this may be an opportune time for the promotion of healthy eating habits [7, 37] . Due to the increased contribution of snacks to overall dietary intake, foods that contribute to meeting dietary guidelines and support healthy growth and development should be promoted in schools as well as after-school settings. In addition, family meals remain an important component in the establishment of healthy dietary habits in adolescents. More research, including longitudinal data, however, is needed to enhance the understanding of the interaction between maturation and eating habits as well as food choices. Such information could also provide crucial information for the development of interventions targeting healthy dietary choices and enhance overall health and wellbeing in adolescents.
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